Objective -The aim of this case report is to present the results of surgical treatment of a patient with the pineal germinoma. Case report -A 12-year-old patient presented with two months history of headache, nausea, and vomiting, following by neuro-ophthalmologic disturbances (Parinaud syndrome). Computed tomography of the head showed a 3 cm mass in the pineal region, followed by obstructive hydrocephalus, and magnetic resonance imaging showed a pineal gland lesion with heterogeneous enhancement on contrast studies, with surrounding peritumoral edema, suggesting pineal germinoma. The patient underwent surgery to place a ventricular-peritoneal shunt, and second surgery using the occipital interhemispheric transtentorial approach to remove the tumor totally. Conclusion -Pineal germinomas that compress adjacent structures result in a typical clinical syndrome with endocrine malfunction, hydrocephalus or neuro-ophthalmological disturbances. A multimodality approach, including chemotherapy, radiotherapy and surgery, can offer excellent chances of free survival, and even cure.
Introduction
The term germinoma most often refers to a tumor in the brain that has histology identical to two other tumors: dysgerminoma in the ovary and seminoma in the testis (1) . Germinomas are the most common germ cell tumors (GCTs) and account for 41-50% of all GCTs. Intracranial germinomas occur in 0.7 per million children. These tumors are gonadal neoplasms but sometimes occur extragonadally in the midline structures of the retroperitoneum and the mediastinum (2) .
The incidence of pineal germinoma varies from 0.4 to 3.4% in the West, whilst in Japan it is 5 to 8 times more frequent (3, 4) . They
Case report
are commonly diagnosed in the first and second decade of life, with a median age of diagnoses of 10-12 years of age (4, 5) . Tumor removal can offer the best prognosis for the patient.
The aim of this study is to present a case of pineal germinoma that was treated surgically.
A 12-year-old patient, with no significant past medical history, presented with two months history of headache, nausea, and vomiting, following by a syndrome of vertical gaze Imaging. Computed tomography (CT) of the head showed a 3 cm high-density lesion with homogenous enhancement in the region of the pineal gland. Subsequent magnetic resonance imaging (MRI) of the brain (Fig.  1) showed a 3 cm isointense pineal gland lesion on T1 and T2 sequences, with heterogeneous enhancement on contrast studies with surrounding peritumoral edema, suggesting pineal germinoma.
Surgical procedures. The patient first underwent surgery to place a ventriculoperitoneal (VP) shunt to relieve the increased intracranial pressure. The second surgery was performed using the occipital interhemispheric transtentorial approach and the tumor was totally removed. Result. The patient's symptoms resolved after surgery and he stayed neurologically intact. Postoperative CT showed no remnant mass in the pineal region. Histopathological examination of the surgical specimen was characterized by a typical type cell pattern tumor, composed of germinoma cells mixed with lymphocytic infiltration. The lymphocytic infiltration was around the vascular stroma and the lymphocytes were T-lymphocytes. Immunocytochemistry showed that the tumor cells were positive for placental alkaline phosphatase (PLAP), and negative for alpha-fetoprotein (AFP) and beta-human chorionic gonadotropin (BHCG) (Fig. 2) . The final diagnosis was germinoma. Since the tumor was totally removed, the patient was not treated with radiotherapy. The patient was followed-up by MRI for six years, with no evidence of recurrence (Fig. 3) .
Discussion
Intracranial germinoma occurs in 0.7 per million children (6) . As with other GCTs occurring outside the gonads, the most common location of intracranial germinoma is on or near the midline, often in the pineal or suprasellar areas; in 5-10% of patients the germinoma is in both areas. Like other GCTs, they may occur in other parts of the brain. Within the brain, this tumor is most common in the hypothalamic or hypophiseal regions. In the thalamus and basal ganglia, germinoma is the most common GCT (7) .
The clinical presentation of pineal germinoma can be a consequence of obstructive hydrocephalus, neuro-ophtalmologic disturbances (Parinaud syndrome), and endocrine disorder. One of the patient's clinical features is hypothalamic-pituitary axis dysfunction a b c (8) . Endocrinological manifestations, including diabetes insipidus, delayed gonadal function, and precocious puberty, are commonly seen in patients with pineal germinomas (9, 10, 11). In our case the patient was followed by the pediatrician before and after surgery and there was no hypothalamic-pituitary axis or endocrinological disorder noticed. The parinaud syndrome noticed in this patient is an important clinical presentation of pineal germinomas (12) . Parinaud syndrome is caused by direct compression of the quadrigeminal plate, which interrupts the neurons that link the cerebral cortex, the superior colliculi, and the nucleus oculomotorius. The triad of Parinaud syndrome includes: upward gaze palsy, dissociation of pupillary response to light and accommodation and failure of ocular convergence.
Increased intracranial pressure (ICP) in this patient was present due to obstruction of cerebrospinal fluid flow by compression of the aqueduct by the pineal germinoma, causing obstructive hydrocephalus. Raised ICP may cause headaches, projectile vomiting, and papilledema (13) , as happened in this case. Hydrocephalus is a serious complication of pineal region tumors and has to be managed appropriately. Since there was no neuroendoscopy, we placed a ventriculoperitoneal shunt as a first step to relieve the increased intracranial pressure. Neurosurgeons have the ability to perform endoscopic third ventriculostomy safely in patients with hydrocephalus from pineal region germinomas (9) . Ventriculostomy is considered a good alternative to VP shunt to relieve the hydrocephalus, and it does not carry the risk of possible peritoneal metastasis in the future (14) .
CT and MRI are the most reliable imaging methods for pineal germinoma. Even with advances in the field of neuroimaging, it is very difficult to distinguish between pineal germinomas and gliomas or metastases on the basis of imaging alone. PLAP, human chorionic gonadotrophin HCG and AFP are useful tumor markers for central nervous system germinomas (7, 15) . For technical reasons we were not able to obtain tumor markers in this case. Tumor markers are not specific enough to establish the difference in the histological types of germ cell tumors (16) .
Pineal germinomas are a rare occurrence, and treatment protocols vary from centre to centre (17) . Clinicians currently depend on tissue biopsy to make an accurate diagnosis in the treatment algorithm of pineal germinomas. Germ cell tumors necessitate a multimodality approach including chemotherapy, radiotherapy and surgery. Pure germinoma can be cured without ablative surgery with chemotherapy and radiotherapy (18) . Since this tumor is exquisitely radiosensitive, 90% of patients with pure intracranial germinomas can be treated successfully by radiation therapy (19) . There are two isolated case reports of spontaneous regression of pineal germinomas that have been attributed to the immune response of the patient. The cases have been linked to similar cases of testicular seminomas (20) .
Our patient underwent ventriculoperitoneal shunt placement to relieve intracranial pressure and the tumor was totally removed using the occipital interhemispheric transtentorial approach as the second step in the treatment of this patient. Initial follow-up exams after surgical removal were performed at short intervals, with MRI scans obtained every 6 months for 3 years after diagnosis, and then at 1-year intervals. After six years of patient follow-up there has been no recurrence of the tumor and the patient is neurologically stable.
Conclusion
Pineal germinomas that compress adjacent structures result in a typical clinical syndrome, with endocrine malfunction, hydrocephalus or neuro-ophthalmological distur-bances. Untreated, hydrocephalus may lead progressively to lethargy, obtundation, and death. A multimodality approach, including chemotherapy, radiotherapy and surgery, can offer excellent chances of free survival, and even cure. Clinical remission is defined by the normalization of tumor markers and the absence of residual tumor.
